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INTRODUCTION
The high prevalence of malnutrition, sarcopenia and cachexia
among people with disabilities remains a global problem. The preva-
lence of protein energy malnutrition in hospitalized older patients
is reported to range between 30% and 90%, and 50.5% of patients in
rehabilitation facilities, the highest proportion among all settings
(1-3). Meanwhile, the prevalence of sarcopenia is 8-50% in persons
aged60 years (4-6) and that of cachexia is 5-15% in those with
end-stage chronic heart failure and 50-80% in those with advanced
cancer (7). The overall prevalence of cachexia is approximately
1% of the patient population, affecting an estimated 9 million people
worldwide (7). Moreover, sarcopenia is often accompanied with
malnutrition (8) ; it is estimated to affect over 50 million people
worldwide, and this number is expected to increase to more than
2 billion in the next 40 years (9). Therefore, countermeasures to
prevent sarcopenia and cachexia are very important.
Rehabilitation nutrition is a combination of both rehabilitation
and nutrition care management that exert maximal function, activi-
ties and participation of persons with disabilities (10). Intervention
with rehabilitation nutrition can improve activities of daily living,
muscle mass and strength, sarcopenic dysphagia and cachexia
(11-15). Implementation of nutrition planning in consideration of
energy accumulation, rehabilitation training with emphasis on nu-
tritional status and use of dietary supplements can help alleviate
malnutrition, sarcopenia and cachexia in persons with disabilities.
A multidisciplinary rehabilitation nutrition team may be effective
to evaluate sarcopenia and cachexia. The diagnosis of sarcopenia
relies on three indicators : muscle mass, muscle strength and physi-
cal performance (9). Assessment of the prevalence and causes of
sarcopenia in persons with disabilities is also important in rehabili-
tation nutrition because the practice of rehabilitation nutrition de-
pends on the aetiology of sarcopenia (1). The use of a multidisci-
plinary team could decrease the incidence of inappropriate drug
use, shorten the length of hospitalisation and reduce total medical
costs (16) and mortality (17). However, it remains unclear whether
the presence of a multidisciplinary rehabilitation nutrition team af-
fects the frequency of sarcopenia and cachexia evaluation and the
practice of rehabilitation nutrition. Hence, further studies to assess
knowledge of sarcopenia and cachexia among members of the in-
terdisciplinary team in addition to dietitians are required (18).
The purpose of this study was to determine whether the pres-
ence of a multidisciplinary rehabilitation nutrition team affects the
frequency of sarcopenia and cachexia evaluation and practice of
rehabilitation nutrition.
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METHODS
1. Participants
The study participants were members of the Japanese Associa-
tion of Rehabilitation Nutrition (JARN), which was established in
2011 (10) and includes 4621 members. The JARN established a
Facebook group to encourage communication among members.
Inclusion criteria were consent to participate in this study and re-
sponse to the questionnaire. Responses to the questionnaires were
excluded if data were missing or included a duplicative answer.
2. Questionnaire period and methods
The survey period was 2 weeks, November 8 to 22, 2015. The
questionnaire was distributed using the Facebook group of the
JARN, which included a description of the purpose and contents
of the questionnaire survey. The survey was conducted online.
Verification of the validity of questions and readability were deter-
mined by conducting pre-tests. Question items (Table 1) were re-
lated to the frequency of sarcopenia and cachexia evaluation and
the practice of rehabilitation nutrition assessment.
3. Formation of a team to implement rehabilitation nutrition
Rehabilitation nutrition is similar to sports nutrition in that it con-
sists of both rehabilitation and nutrition care management. This
concept was devised by the International Classification of Func-
tioning, Disability and Health (ICF) to assess nutritional status to
maximise functionality of persons with disabilities (10). Rehabili-
tation nutrition team is a kind of nutrition support team. In addition
to the normal nutritional support, this emphasizes on nutritional
management and takes into account life function and rehabilitation
program (rehabilitation as seen from nutrition management) and
rehabilitation training with emphasis on nutritional status, nutri-
tional intake and nutrition management (nutrition management as
seen from rehabilitation). In addition, this team encourages the
intake of oral nutritional supplements with high-branched-chain
amino acids immediately after rehabilitation training and imple-
ments nutrition support, which is a combination of both rehabili-
tation and nutrition care management. Furthermore, rehabilitation
nutrition team proposes an attending physician for the rehabilita-
tion nutrition care plan. The criteria were evaluated by a rehabili-
tation nutrition team during rehabilitation nutrition rounds and
rehabilitation nutrition meetings. The following seven items were
comprehensively assessed to meet the standards of the ICF : (1)
Evaluation of current nutritional status management strategies ;
(2) Evaluation of each item in the ICF ; (3) Current training content
of rehabilitation programs ; (4) Prognosis of nutritional status and
goal setting ; (5) Prognosis of rehabilitation goals and goal setting ;
(6) Nutrition management plan in consideration of rehabilitation
training ; (7) Rehabilitation plan in consideration of nutritional
status. The rehabilitation nutrition team discusses strategies to
implement items (1) to (7). The rehabilitation nutrition round
refers to bedside visits by the rehabilitation nutrition team. Reha-
bilitation nutrition meetings refer to conversations or exchanges
of information about functional evaluation, prognosis and rehabili-
tation training content between disciplines.
4. Evaluation of cachexia
Evaluation method of cachexia was investigated about the guide-
lines of the European Palliative Care Research Collaborative (19,
20) or definition of the Washington consensus meeting (21). Diag-
nostic criteria for cachexia of European Palliative Care Research
Collaborative was weight loss greater than 5%, or weight loss greater
than 2% in individuals already showing depletion according to cur-
rent bodyweight and height (body-mass index [BMI]20 kg/m
(2)) or the loss of skeletal muscle mass (sarcopenia) (19, 20). Di-
agnostic criteria for cachexia by the definition of the Washington
consensus meeting were weight loss of at least 5% in 12 months
or less in the presence of underlying illness, plus any three of the
following criteria : decreased muscle strength fatigue, anorexia,
low fat - free mass index, abnormal biochemistry (21).
5. Data Analysis
A sample size of more than 664 persons, under assumptions of
two-choice question, and 50% selection with a 5% error based on
99% reliability were found to be necessary. Categorical data are
expressed as percentages, and differences were analysed using the
Chi-square test. Multivariate logistic regression analysis was per-
formed to identify the variables that were independently associated
with each outcome (measure of muscle mass, muscle strength and
physical function, evaluation of cachexia and activities of daily liv-
ing, the implementation of nutrition planning in consideration of
the degree of activity and the implementation of nutrition planning
in consideration of energy accumulation, rehabilitation training
with emphasis on nutritional status and use of dietary supplements).
Factors with a low incidence were excluded from multivariate lo-
gistic regression analysis and were described ‘not available’. Vari-
ance inflation factors (VIFs) were used to evaluate multicollinearity
for each model. We considered a VIF value of2 as demonstrating
multicollinearity. In all cases, a p value of0.05 was considered
statistically significant. All statistical analyses were performed
using EZR (22) software ver. 1.31, which was developed from the
open-source statistical software R (23).
6. Ethical considerations
Informed consent was obtained from all participants. The ques-
tionnaires were completed anonymously to protect personal in-
formation and guaranteed confidentiality to the respondents. The
study protocol was approved by the ethics committee of Suzuka
General Hospital (Suzuka, Japan) and conducted in accordance
with the tenets of the 1964 Declaration of Helsinki and its later
amendments.
RESULTS
Of a total of 716 completed questionnaire that were received,
39 (5.4%) were excluded from analysis due to anomalies in the re-
sponses (19 completed questionnaires filled by respondents work-
ing at a clinic, pharmacy, or dental clinic were excluded because
of the little relationship to team activity, 13 questionnaires had
duplication, 6 had missing values and 1 contained obvious incon-
sequential responses to key questions). Consequently, 677 ques-
tionnaires were included for analysis (14.7% response rate).
As shown in Table 1,affiliation of the respondents included acute
general wards (303, 44.7%), convalescent rehabilitation wards
(176, 26.0%), medical care or long-term care facilities (50, 7.4%),
long-term care health facilities (51, 7.5%), homecare services (44,
6.5%), other hospitals (29, 4.3%), educational institutions (7, 1.0%),
regional comprehensive care wards (3, 0.5%), day services, visiting
nursing and outpatient rehabilitation (6, 0.9%) and others (8, 1.2%).
The median length of work experience was 11 (interquartile range,
7-18) years. Of all respondents, 44.5% employed rehabilitation nu-
trition teams, 20.2% employed rehabilitation nutrition rounds and
26.1% conducted rehabilitation nutrition meetings. Of the respon-
dents, 51.7%, 69.7%, 69.0%, 86.1% and 17.8% reported that muscle
mass, muscle strength, physical function, activities of daily living
and cachexia, respectively, were regularly measured. A total of
59 (48.7%) and 44 (36.3%) respondents, respectively, reported that
the methods for evaluation of cachexia were based on the Euro-
pean Palliative Care Research Collaborative guidelines or the Wash-
ington consensus meeting. Also, 46.7%, 78.0% and 78.1% of the
respondents reported implementation of nutrition planning in
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Table 1. Questionnaire and sample characteristics
1. What is your occupation?
Total, n (%) 677 (100)
Medical doctor, n (%) 40 (5.9)
Dentist, n (%) 17 (2.5)
Nurse, n (%) 56 (8.3)
Pharmacist, n (%) 10 (1.5)
Registered dietitian, n (%) 178 (26.3)
Physical therapist, n (%) 193 (28.5)
Occupational therapist, n (%) 40 (5.9)
Speech therapist, n (%) 112 (16.5)
Dental hygienist, n (%) 22 (3.3)
Others, n (%) 9 (1.3)
2. What is your affiliation?
Acute general ward, n (%) 303 (44.7)
Convalescent rehabilitation ward, n (%) 176 (26.0)
Medical care or long- term care ward, n (%) 50 (7.4)
Long- term care health facility, n (%) 51 (7.5)
Homecare service, n (%) 44 (6.5)
Other hospital, n (%) 29 (4.3)
Educational institution, n (%) 7 (1.0)
Regional comprehensive care ward, n (%) 3 (0.5)
Day service, Visiting nursing and Outpatient Rehabilitation, n (%) 6 (0.9)
Others, n (%) 8 (1.2)
3. How many years of work experience?
Year(s), median (25%-75%) 11 (7 -18)
4. Is there a rehabilitation nutrition team in your facility?
Yes, n (%) 301 (44.5)
No, n (%) 376 (55.5)
Yes No
Medical doctor, n (%) 25 (8.3) 15 (4.0)
Dentist, n (%) 8 (2.7) 9 (2.4)
Nurse, n (%) 24 (8.0) 32 (8.5)
Pharmacist, n (%) 3 (1.0) 7 (1.9)
Registered dietitian, n (%) 68 (22.6) 110 (29.3)
Physical therapist, n (%) 102 (33.9) 91 (24.2)
Occupational therapist, n (%) 17 (5.7) 23 (6.1)
Speech therapist, n (%) 44 (14.6) 68 (18.1)
Dental hygienist, n (%) 9 (2.9) 13 (3.5)
Others, n (%) 1 (0.3) 8 (2.1)
5. Are rehabilitation nutrition rounds conducted in your facility?
Yes, n (%) 137 (20.2)
No, n (%) 540 (79.8)
6. Are rehabilitation nutrition meetings conducted in your facility?
Yes, n (%) 177 (26.1)
No, n (%) 500 (73.9)
7. Do you measure muscle mass?
Yes, n (%) 350 (51.7)
No, n (%) 327 (48.3)
8. Do you measure muscle strength?
Yes, n (%) 472 (69.7)
No, n (%) 205 (30.3)
9. Do you measure physical function?
Yes, n (%) 467 (69.0)
No, n (%) 210 (31.0)
10. Do you measure activities of daily living?
Yes, n (%) 589 (86.1)
No, n (%) 94 (13.9)
11. Do you evaluate cachexia?
Yes, n (%) 121 (17.8)
No, n (%) 556 (82.2)
12. How do you evaluate cachexia?
EPCRC guidelines, n (%) 59 (48.7)
Definition of the Washington consensus meeting, n (%) 44 (36.3)
13. Do you implement nutrition planning in consideration of activity?
Yes, n (%) 345 (51.0)
No, n (%) 332 (49.0)
14. Do you implement nutrition planning in consideration of energy accumulation?
Yes, n (%) 316 (46.7)
No, n (%) 361 (53.3)
15. Do you implement rehabilitation training with emphasis on nutritional status?
Yes, n (%) 528 (78.0)
No, n (%) 149 (22.0)
16. Do you use dietary supplements?
Yes, n (%) 529 (78.1)
No, n (%) 148 (21.9)
17. Have you participated in a congress or seminar of the JARN?
Yes, n (%) 506 (74.7)
No, n (%) 171 (25.3)
Abbreviations : EPCRC, European Palliative Care Research Collaborative ; JARN, Japanese Association of Rehabilitation Nutrition
142 Y. Kokura, et al. Rehabilitation nutrition and sarcopenia
consideration of energy accumulation, rehabilitation training with
emphasis on nutritional status and use of dietary supplements, re-
spectively.
Table 2 shows the results of the univariate analyses regarding
the use of a team to implement rehabilitation nutrition programs.
As described, 63.5%, 80.7%, 82.4%, 22.9% and 93.0% of the rehabili-
tation nutrition teams measured muscle mass, muscle strength
and physical function and evaluated cachexia and activities of daily
living, respectively. Also, 64.7%, 89.0% and 89.4% of the rehabilita-
tion nutrition teams reported nutrition planning in consideration
of energy accumulation, rehabilitation training with emphasis on
nutritional status and use of dietary supplements, respectively.
Table 3 shows the results of multivariate analyses of each out-
come after adjusting for confounding factors, including affiliation,
years of work experience, existence of rehabilitation nutrition team
rounds and existence of rehabilitation nutrition team meetings and
attendance of a congress or seminar of the JARN. The employment
of a rehabilitation nutrition team affects the measurement of mus-
cle mass and strength, measurement of physical function, evaluation
of activities of daily living, nutrition planning in consideration of
energy accumulation and rehabilitation training with emphasis on
nutritional status and use of dietary supplements. However, there
was no significant difference in the frequency of cachexia evalu-
ation between facilities that did or did not employ a rehabilitation
nutrition team. The VIFs did not demonstrate significant multi-
collinearity between any factors on multivariate analysis.
DISCUSSION
There were three important clinical findings of the present study.
First, the presence of a multidisciplinary rehabilitation nutrition
team was associated with a high frequency of implementing meas-
ures of muscle mass, muscle strength and physical performance
for evaluation of sarcopenia. Second, the existence of rehabilitation
nutrition team was not significantly associated with cachexia evalu-
ation. Third, a high proportion of facilities having multidisciplinary
rehabilitation nutrition teams implemented rehabilitation nutrition
Table 2. Univariate analysis of teams for implementation of rehabilitation nutrition programs
Characteristics Implementation Presence of a rehabilitation nutrition team p -value
Yes No
Measurement of muscle mass Yes, n (%) 191 (63.5) 159 (42.3) 0.001†
No, n (%) 110 (36.5) 217 (57.7)
Measure of muscle strength Yes, n (%) 243 (80.7) 229 (60.9) 0.001†
No, n (%) 58 (19.3) 147 (39.1)
Measure of physical function Yes, n (%) 248 (82.4) 219 (58.2) 0.001†
No, n (%) 53 (17.6) 157 (41.8)
Evaluation of cachexia Yes, n (%) 69 (22.9) 52 (13.8) 0.002†
No, n (%) 232 (77.1) 324 (86.2)
Evaluation of activities of daily living Yes, n (%) 280 (93.0) 303 (80.6) 0.001†
No, n (%) 21 (7.0) 73 (19.4)
Nutrition planning in consideration of energy
accumulation
Yes, n (%) 195 (64.7) 121 (32.2) 0.001†
No, n (%) 106 (35.3) 255 (67.8)
Rehabilitation training with emphasis on
nutritional status
Yes, n (%) 268 (89.0) 260 (69.2) 0.001†
No, n (%) 33 (11.0) 116 (30.8)
Use of dietary supplements Yes, n (%) 269 (89.4) 260 (69.2) 0.001†
No, n (%) 32 (10.6) 116 (30.8)
†Chi -square test
Table 3. Multivariate logistic regression analysis for each outcome
Factor Measure ofmuscle mass
Measure of
muscle strength
Measure of
physical function
Evaluate of
cachexia
Evaluate of activities
of daily living
Nutrition planning
in consideration of
energy accumulation
Rehabilitation training
with emphasis on
nutritional status
Use of dietary
supplements
OR, 95% CI p - value OR, 95% CI p - value OR, 95% CI p - value OR, 95% CI p - value OR, 95% CI p - value OR, 95% CI p - value OR, 95% CI p - value OR, 95% CI p - value
Rehabilitation nutrition
team in the facility
1.95 0.001 2.29 0.001 3.12 0.001 1.30 0.33 2.93 0.002 3.64 0.001 2.78 0.001 2.69 0.001
1.31 - 2.90 1.45 - 3.60 1.95 - 5.00 0.77 - 2.18 1.48 - 5.80 2.40 - 5.54 1.64 - 4.71 1.57 - 4.58
Years of work
experience
0.99 0.285 0.96 0.001 0.96 0.001 1.02 0.15 0.95 0.001 1.01 0.011 0.99 0.55 0.96 0.003
0.96 - 1.01 0.94 - 0.98 0.93 - 0.98 0.99 - 1.04 0.93 - 0.98 1.00 - 1.05 0.96 - 1.02 0.94 - 0.98
Rehabilitation nutrition
rounds in the facility
0.98 0.934 1.24 0.477 1.36 0.32 0.77 0.36 0.82 0.66 0.45 0.004 1.27 0.533 1.21 0.629
0.59 - 1.61 0.68 - 2.26 0.73 - 2.52 0.43 - 1.36 0.34 - 1.99 0.26 - 0.77 0.59 - 2.69 0.56 - 2.57
Rehabilitation nutrition
meetings in the facility
1.63 0.031 1.27 0.368 0.98 0.92 2.45 0.001 0.19 0.19 2.9 0.001 1.53 0.182 2.01 0.038
1.04 - 2.55 0.75 - 2.13 0.57 - 1.64 1.45 - 4.15 0.77 - 3.68 1.80 - 4.67 0.81 - 2.87 1.04 - 3.87
Participated in congress of
seminar of the JARN
1.87 0.001 1.23 0.282 1.10 0.64 1.63 0.063 1.73 0.025 2.27 0.001 1.76 0.007 1.19 0.428
1.30 - 2.69 0.84 - 1.81 0.74 - 1.62 0.97 - 2.73 1.07 - 2.80 1.53 - 3.37 1.17 - 2.66 0.77 - 1.82
Abbreviations : 95% CI, 95% confidence interval ; JARN, Japanese Association of Rehabilitation Nutrition ; OR, odds ratio
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strategies.
The presence of a multidisciplinary rehabilitation nutrition team
was related to a high proportion of institutes measuring muscle
mass, muscle strength and physical performance for evaluation
of sarcopenia. Previous studies have reported that 46-74% of insti-
tutes regularly evaluated sarcopenia (18, 24). In this study, 51.0-
68.5% regularly evaluated sarcopenia. However, among institutes
that employed a rehabilitation nutrition team, this rate increased
to 63.6-82.5%. The use of a multidisciplinary team could decrease
the incidence of readmission to a critical care ward (25), lower the
incidence of complications (26) and improve functional prognosis
(27). Practice-based interprofessional collaboration interventions
can lead to positive changes in health care management (16). The
rehabilitation nutrition team exchanges information about func-
tional evaluation, prognosis and content of rehabilitation training
strategies. In addition, rehabilitation nutrition assessment includes
the presence and cause of sarcopenia. Therefore, the use of a mul-
tidisciplinary rehabilitation nutrition team can increase the fre-
quency of sarcopenia evaluation.
The presence of a rehabilitation nutrition team did not affect the
frequency of cachexia evaluation. In older inpatients with hospital -
associated deconditioning, 88% were malnourished and 30% had
precachexia, which was associated with poor rehabilitation out-
comes (28). We evaluated pre-cachexia by the European Society
for Clinical Nutrition and Metabolism consensus diagnostic crite-
ria for pre-cachexia. Diagnostic criteria are (i) underlying chronic
disease ; (ii) unintentional weight loss of less than 5% of usual body
weight during the last 6 months ; (iii) chronic or recurrent sys-
temic inflammatory response and (iv) anorexia or anorexia-related
symptoms (29). Cachexia is more common in older patients and
can adversely affect rehabilitation outcomes. Cachexia assessment
is imperative in rehabilitation nutrition, although the rate of cachexia
evaluation is low compared to that of sarcopenia evaluation. Pre-
vious studies reported that the range of cachexia recognition was
21-43% (18, 24). In this study, implementation rate of cachexia
evaluation by a rehabilitation nutrition team was 17.2%. The low fre-
quency of implementing cachexia evaluation may be due to the low
frequency of cachexia recognition, no uniform criteria for diagno-
sis of cachexia and complicated diagnosis criteria that require sev-
eral evaluation items (19-21). Therefore, it is important to develop
uniform criteria for diagnosis of cachexia to increase the frequency
of cachexia evaluation in clinical practice.
A high proportion of facilities having multidisciplinary rehabili-
tation nutrition teams regularly performed nutrition planning in
consideration of energy accumulation, implemented rehabilitation
training programs with emphasis on nutritional status and used
dietary supplements. Originally, the rehabilitation nutrition team
is different from nutrition support and rehabilitation teams in terms
of considering energy accumulation, rehabilitation training with
emphasis on nutritional status and intake dietary supplement after
rehabilitation. It is rare for nutrition support team to measure mus-
cle strength and physical function. Furthermore, it is meaningful
to consider nutrition planning in consideration of energy accumu-
lation, rehabilitation training with emphasis on nutritional status,
and use of dietary supplements after rehabilitation by the rehabili-
tation nutrition team. The amount of accumulated energy is added
to the daily energy expenditure to improve malnutrition and sarco-
penia. Members of the rehabilitation nutrition team and registered
dietitians set nutritional standards and determine energy accumu-
lation, while rehabilitation therapists evaluate rehabilitation-related
energy expenditure. The multidisciplinary rehabilitation nutrition
team encourages weight increases to improve sarcopenia. Reha-
bilitation and training of a malnourished patient with poor nutri-
tional intake can lead to weight loss, including lean body mass. The
use of dietary supplements can significantly increase energy and
protein intake (30). Therefore, rehabilitation nutrition may improve
rehabilitation outcome in persons with disabilities and sarcopenia.
This study had a few limitations that should be addressed. First,
there may have been overlaps by respondents from the same facil-
ity. However, evaluation of sarcopenia and cachexia and rehabili-
tation nutrition strategies can differ in the same facility. Second, the
participants were limited to JARN members ; therefore, external
validity is limited. Third, the questionnaire included only two ques-
tions for nutritional management. Fourth, the sample of respon-
dents was heterogeneous, with only 5.9% being represented by
physicians. It may have influenced the assessment rate of sarco-
penia and cachexia. Fifth, we had not shown the effects of the
rehabilitation nutrition team on sarcopenia, cachexia, nutritional
status, and prognosis. Lastly, this research was based on a ques-
tionnaire survey conducted using the Internet. Therefore, the re-
sponse rate of subjects was possibly different depending on age
and other demographics, which affected the sample selection. In
the future, we plan to investigate the evaluation of sarcopenia and
cachexia and practice of rehabilitation nutrition by medical profes-
sions in different countries.
In conclusion, the presence of a multidisciplinary rehabilitation
nutrition team was associated with an increased frequency of sar-
copenia evaluation and practice of rehabilitation nutrition but not
cachexia evaluation among members of the JARN. The frequency
of cachexia evaluation was lower than that of sarcopenia. Further
prospective studies are required to examine the effect of a reha-
bilitation nutrition team on improvement in evaluation of nutri-
tional status, sarcopenia, cachexia, activities of daily living and
quality of life.
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